Background
==========

Multiple myeloma a rare but destructive type of cancer, characterized by unregulated division of clonal plasma cells \[[@b1-medscimonit-25-1355]\]. The incidence of multiple myeloma is around 20 000 per year in the USA, and it still is considered an incurable disease. It causes hypercalcemia, kidney failure, and destruction of the bones \[[@b2-medscimonit-25-1355]\]. The overall survival of multiple myeloma patients is just 7 years after diagnosis. The disease is often diagnosed at advanced stages and the chemotherapeutic agents used in treatment have a number of adverse effects \[[@b3-medscimonit-25-1355]\]. Development of drug resistance in multiple myeloma cells also hinders the management of multiple myeloma \[[@b4-medscimonit-25-1355]\]. Hence, there is a pressing need to find molecules that could halt the growth of plasma cells and at the same time exhibit minimal or no adverse effects. Plants are natural chemists with the capability to biosynthesize a wide array of chemical scaffolds \[[@b4-medscimonit-25-1355]\]. Although these chemical scaffolds are synthesized by plants for their own defense, they have been used in their purest form for the alleviation of human aliments since early 19^th^ century \[[@b5-medscimonit-25-1355]\]. Tritepenoids are a large class of plant secondary metabolites that have been shown to exhibit tremendous pharmacological potential \[[@b6-medscimonit-25-1355]\]. Asiaticoside is one such triterpenoid, generally extracted from the plant *Centella asiatica* \[[@b7-medscimonit-25-1355]\]*.* Although the extracts of *Centella asiatica* have shown promising anticancer effects \[[@b8-medscimonit-25-1355], [@b9-medscimonit-25-1355]\], the anticancer effects of its principal component, Asiaticoside, have not been examined so far. Therefore, in this study, the anticancer effects of Asiaticoside were examined against the Bortezomib-resistant myeloma cell line KM3/BTZ. The results showed that Asiaticoside exerts considerable anti-proliferative effects on the KM3/BTZ cells, with an observed IC~50~ of 12 μM. The STAT3 signaling pathway is considered an important target for the management of several types of cancers as it is involved in the development and progression of several types of cancer \[[@b10-medscimonit-25-1355]\]. Thus, Asiaticoside may prove essential in the development of chemotherapy for multiple myeloma.

Material and Methods
====================

Chemicals and other reagents
----------------------------

Asiaticoside (purity \>98%, determined by high-performance liquid chromatography), 3-(4, 5-dimethyl-2-thiazolyl) -2, 5-diphenyl-2H-tetrazolium bromide (MTT) were obtained from SigmaAldrich Chemical Co. (St. Louis, MO, USA). Annexin V-FITC and propidium iodide were purchased from Wuhan Boster Biological Technology, Ltd. (Wuhan, China). Dulbecco's modified Eagle's medium (DMEM) and RPMI-1640 medium were purchased from HyClone (Logan, UT, USA). Fetal bovine serum (FBS), penicillin, and streptomycin were purchased from Tianjin HaoYang Biological Manufacture Co., Ltd. (Tianjin, China). Horseradish peroxidase-labeled anti-mice and anti-rabbit secondary antibodies and all other antibodies were purchased from Cell Signaling Technology (MA, USA). Cell culture plasticware was purchased from BD Biosciences (San Jose, CA, USA).

Cell lines and cell culture conditions
--------------------------------------

The KM3/BTZ multiple myeloma cell line was purchased from American Type Culture Collection (ATCC; Manassas, VA, USA) and maintained in DMEM with l-glutamine supplemented with 10% fetal bovine serum (FBS) and 1.5% penicillin and streptomycin each. The MG-63 cells were grown in a highly humidified atmosphere with 5% CO~2~ at 37°C.

Cell counting kit-8 (CCK-8) assay
---------------------------------

The multiple myeloma cell line KM3/BTZ cells in each group were inoculated in a 96-well plate, and subjected to treatment with Asiaticoside at various concentrations (0--100 μM) and the number of KM3/BTZ cells was measured at each concentration. The procedures were as follows: the culture medium was discarded and we add 100uLCCK-8 reagents (Beyotime Institute of Biotechnology (Shanghai, China) was added to a fresh medium. The 60-well plate was incubated in a carbon dioxide incubator for 2 h. The OD values were measured by a microplate reader at the wavelength of 450 nm. The cell proliferation rate (%) was calculated with (OD value of experimental well -OD value of control well)/OD value of control well ×100%.

Transmission electron microscopy (TEM)
--------------------------------------

For electron microscopy, the 0, 6, 12, and 24 μM Asiaticoside-treated cells were fixed in a solution of 4% glutaraldehyde 0.05 M sodium cacodylate, postfixed in 1.5% OsO4, and dehydrated in alcohol (70%). They were then prepared for flat embedding in Epon 812 and then observed using a Zeiss CEM 902 electron microscope.

Cell migration and invasion assay
---------------------------------

The migration and invasion abilities of the 0, 6, 12, and 24 μM Asiaticoside-treated KM3/BTZ cells were examined by Transwell chamber assay. In brief, 1×10^4^ KM3/BTZ cells were seeded in the upper chamber of the Transwell device (8-μm pore size polycarbonate filters). This was followed by the placement of the cells from the chambers into 24-well plates and subjected to incubation at 37°C for 48 h. However, for the invasion assay, the inserts were coated with extracellular matrix gel (50 μl) (ECM, Sigma, USA). Swabbing was performed to remove the non-migrated and non-invaded cells from the upper surface. However, the migrated and the invaded cells on the lower surface were subjected to fixation with 70% methanol for about 35 min, followed by staining with crystal violet (0.5%) for about 50 min, subjected to washing with PBS, and finally counted under a light microscope (5 fields).

Determination of the ROS levels
-------------------------------

For determination of the endogenous ROS levels, the KM3/BTZ cells were treated with 0, 6, 12, and 24 μM concentrations of Asiaticoide or 12 μM of Asiaticoside for 0, 12, 24, and 48 h, and then the ROS levels in the KM3/BTZ cells were determined as described previously \[[@b10-medscimonit-25-1355]\].

Western blotting
----------------

To determine the expression of the selected proteins in the Asiaticoside (0, 6, 12, and 24 μM)- treated KM3/BTZ cells, the cells were subjected to lysis with RIPA buffer and the protein content of each lysate was estimated by BCA assay. The 50-μg protein samples were then loaded on the SDS-PAGE. The gels were then transferred to nitrocellulose membranes and subjected to treatment with primary antibody \[STAT-3 (cat. No. sc-293151), p-STAT-3 (cat. No. sc-56747) caspase 1 (cat. no. sc-622), caspase 2 (cat. no. sc-623), Actin (cat. no. sc-58673), and GAPDH (cat. no. sc-47724) obtained from Santa Cruz Biotechnology and light chain 3 (LC3)-I/II (cat. no. 12741), beclin-1 (cat. no. 3495) obtained from Cell Signaling Technology, dilution ratio 1: 1,000 for all antibodies)\] at 4°C for 24 h. After this, the membranes were incubated with HRP-conjugated secondary antibody (cat. no. sc-2372) from Santa Cruz Biotechnology for 50 min at 25°C. Enhanced chemi-luminescence reagent was used to visualise the protein bands.

Statistical analyses
--------------------

Data are shown as mean ±SD. Statistical analyses were done using the t test with GraphPad prism 7 software. Values of *p*\<0.05 were taken as indicative of significant difference.

Results
=======

Asiaticoside inhibits the growth of drug-resistant multiple myeloma cells
-------------------------------------------------------------------------

The effects of Asiaticoside ([Figure 1A](#f1-medscimonit-25-1355){ref-type="fig"}) on the proliferation of the drug-resistant multiple myeloma cells were examined on a panel KM3/BTZ and normal cell lines by CCK-8 assay. It was found that Asiaticoside exerts anti-proliferative effects on the Bortezomib-resistant KM3/BTZ cells. The IC~50~ of 12 μM was observed for Asiaticoside against the KM3/BTZ cell line. In addition, it was found that the anticancer effects of Asiaticoside on the drug-resistant multiple myeloma cells were concentration-dependent and the most effective was 24 μM ([Figure 1B](#f1-medscimonit-25-1355){ref-type="fig"}).

Asiaticoside induces autophagy in drug-resistant multiple myeloma cells
-----------------------------------------------------------------------

The effects of Asiaticoside on the KM3/BTZdrug resistant multiple myeloma cells were first evaluated by electron microscopy. It was found that Asiaticoside triggered the formation of autophagosomes in the KM3/BTZ drug-resistant multiple myeloma cells, indicative of autophagy ([Figure 2](#f2-medscimonit-25-1355){ref-type="fig"}). For the confirmation of autophagy, the expression of autophagy-associated proteins was examined and it was found that Asiaticoside caused an upsurge of Beclin-1 and LC3-I. However, no effects were observed on the expression of LC3-I ([Figure 3](#f3-medscimonit-25-1355){ref-type="fig"}). The effects of Asiaticoside were also examined on Caspase-1 and Caspase-2 expression. It was found that although the expression of Caspase 1 and 2 remained more or less unaltered, the expression of cleaved capase-1 increased and that of cleaved caspase-2 decreased concentration-dependently ([Figure 4](#f4-medscimonit-25-1355){ref-type="fig"}).

Asiaticoside triggers the generation of the endogenous ROS
----------------------------------------------------------

The effect of the Asiaticoide was also examined on the endogenous ROS levels of KM3/BTZ cells. The results showed that the levels of the endogenous ROS increased both concentration- and time-dependently in the KM3/BTZ cells upon treatment with Asiaticoside ([Figure 5A, 5B](#f5-medscimonit-25-1355){ref-type="fig"}).

Asiaticoside inhibits the cell migration of KM3/BTZ cells
---------------------------------------------------------

The effects of Asiaticoside on the migration and invasion of the KM3/BTZ cells were checked by Transwell chamber assays. It was found that Asiaticoside treatment inhibited the migration of the cancer cells in a dose-dependent fashion ([Figure 6](#f6-medscimonit-25-1355){ref-type="fig"}).

Asiaticoside inhibits the invasion of KM3/BTZ cells
---------------------------------------------------

The effects of Asiaticoside on the invasion of the KM3/BTZ cells were checked by Transwell chamber assays. It was found that Asiaticoside treatment suppressed the invasion of cancer cells in a dose-dependent manner ([Figure 7](#f7-medscimonit-25-1355){ref-type="fig"}).

Asiaticoside inhibits the STAT-3 signaling pathway
--------------------------------------------------

The STAT3 signaling pathway is considered an important target for the management of several types of cancer, as it is involved in their development and progression. The effects of Asiaticoside were also examined on the STAT-3 signaling pathway of KM3/BTZ drug-resistant multiple myeloma cells. It was found that Asiaticoside caused a concentration-dependent decline in the expression of p-STAT3, but had no apparent effect on the expression of total STAT-3 in KM3/BTZ cells ([Figure 8](#f8-medscimonit-25-1355){ref-type="fig"}).

Discussion
==========

Multiple myeloma a rare but still incurable type of cancer \[[@b11-medscimonit-25-1355]\]. It causes relapsing high calcium levels due to the destruction of bones, ultimately leading to renal failure \[[@b12-medscimonit-25-1355]\]. In multiple myeloma, the plasma cells divide uncontrollably, leading to development of this devastating disease. Plant-derived anticancer agents have attained remarkable attention in the recent past due to their minimal toxic effects. Thus, more and more plant-derived natural products are being evaluated against cancer cells for their anticancer activity \[[@b13-medscimonit-25-1355]\]. Herein, the anticancer effects of Asiaticoside were examined against multiple myeloma KM3/BTZ cell line cells. It was found that Asiaticoside caused a considerable decline in the viability of the multiple myeloma cells. In a previous study, the extract of *Centella asiatica,* which is the rich source of Asiaticoside, has also been reported to inhibit the growth of cancer cells \[[@b8-medscimonit-25-1355],[@b9-medscimonit-25-1355]\]. Autophagy is a vital process that triggers death of the harmful cells and survival of the normal cells \[[@b14-medscimonit-25-1355]\]. In this study, the investigation of the mechanism of action of Asiaticoside revealed that Asiaticoside prompts autophagy of the KM3/BTZ multiple myeloma cells. This was also associated with changes in the expression of autophagy as protein expression, especially LC3-II. Moreover Capsase-1 has been reported to promote autophagy of cancer cells \[[@b15-medscimonit-25-1355]\], and in this study it was found that Asiaticoside increased the expression of Caspase-1. Moreover, ROS generation has been implicated in the onset of autophagy in cancer cells \[[@b10-medscimonit-25-1355]\]. Herein, we observed that Asiaticoside triggered increased levels of ROS, both concentration- and time-dependently. Cell migration and invasion are important determinants of cancer cell metastasis \[[@b16-medscimonit-25-1355]\] and it was found that Asiaticoside inhibited migration and invasion of KM3/BTZ cells concentration-dependently. It has been found that the STAT-3 pathway is activated in many cancer types, and this promotes cancer cell proliferation \[[@b10-medscimonit-25-1355]\]. In this study, we found that Asiaticoside inhibited the expression of p-STAT-3 in KM3/BTZ cells concentration-dependently, indicating the anticancer potential of Asiaticoside.

Conclusions
===========

Asiaticoside inhibits the proliferation of drug-resistant multiple myeloma cells by triggering autophagy and generation of ROS. It can also inhibit the migration and invasion of multiple myeloma cells via inhibition of the STAT-3 pathway. Hence, Asiaticoside may prove beneficial in the management of multiple myeloma and deserves further investigation.
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![(**A**) Structure of Asiaticoside. (**B**) Asiaticoside exhibits anti-proliferative effects on the KM3/BTZ cells, as depicted by CCK-8 assay. The experiments represent mean ±SD of 3 biological replicates (\* p\<0.05).](medscimonit-25-1355-g001){#f1-medscimonit-25-1355}

![Asiaticoside triggers autophagic cell death of the KM3/BTZ cells, as depicted by TEM. The experiments were performed in triplicate.](medscimonit-25-1355-g002){#f2-medscimonit-25-1355}

![Effect of Asiaticoside on the autophagy-associated protein expression, as depicted by Western blot analysis. The experiments represent mean ±SD of 3 biological replicates (\* p\<0.05).](medscimonit-25-1355-g003){#f3-medscimonit-25-1355}

![Generation of ROS at different (**A**) concentrations of Asiaticoside and (**B**) time intervals, as determined by flow cytometry. The experiments represent mean ±SD of 3 biological replicates (\* p\<0.05).](medscimonit-25-1355-g004){#f4-medscimonit-25-1355}

![Effect of Asiaticoside on the effector caspase expression of the KM3/BTZ cells, as depicted by Western blot analysis. The experiments were performed in triplicate.](medscimonit-25-1355-g005){#f5-medscimonit-25-1355}

![Asiaticoside inhibits the migration of the KM3/BTZ cells, as depicted by Transwell assay. The experiments represent mean ±SD of 3 biological replicates (\* p\<0.05).](medscimonit-25-1355-g006){#f6-medscimonit-25-1355}

![Asiaticoside inhibits the invasion of the KM3/BTZ cells as depicted by Transwell assay. The experiments represent mean ±SD of 3 biological replicates (\* p\<0.05).](medscimonit-25-1355-g007){#f7-medscimonit-25-1355}

![Effect of Asiaticoside on the phosphorylation of STAT-3 in the KM3/BTZ cells, as depicted by western blotting. The experiments were performed in triplicate.](medscimonit-25-1355-g008){#f8-medscimonit-25-1355}
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